ABSTRACT
Introduction
Acute lymphoblastic leukemia (ALL) is the most frequent malignant disease in childhood. The 5-year event-free survival rate in patients treated with contemporary treatment schedules currently ranges from 80 to 85% 1 and corticosteroids are a critical component of these intensive multidrug chemotherapeutic regimens. Dexamethasone is known to have a stronger in-vitro cytotoxic effect on lymphoblasts than prednisolone. 2, 3 It has been suggested previously that dexamethasone penetrates the central nervous system (CNS) better than prednisolone does, resulting in a lower rate of meningeal leukemia in children treated with dexamethasone. 4, 5 In the 1990s, the DCLSG ALL VI, a non-randomized Dutch study of standard-risk patients used dexamethasone during induction and frequent vincristine + dexamethasone reinduction pulses throughout continuation, resulting in a 6-year event-free survival rate of 86%. 6 Subsequently, randomized trials 7, 8 demonstrated that substituting dexamethasone for prednisolone could decrease the risk of bone marrow and CNS relapse. However, the reported incidence of septic episodes or aseptic osteonecrosis was higher in the dexamethasone arm than in the prednisolone arm. [6] [7] [8] [9] [10] In 1998, the European Organisation for Research and Treatment of Cancer -Children's Leukemia Group (EORTC-CLG) started a randomized trial in ALL and lymphoblastic non-Hodgkin lymphoma patients. The trial had three main objectives: (i) to assess the value of dexamethasone (6 mg/m 2 /day) versus prednisolone (60 mg/m 2 /day) administered in induction for all patients; (ii) to assess the value of an increased number of administrations of L-asparaginase throughout consolidation and late intensification in patients not at very high risk; and (iii) to assess the value of vincristine and corticosteroid pulses added to continuation therapy in average-risk patients. 11 Here, we report the results of the dexamethasone versus prednisolone comparison in childhood ALL.
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Dexamethasone could be more effective than prednisolone at similar anti-inflammatory doses in the treatment of childhood acute lymphoblastic leukemia. In order to check if this "superiority" of dexamethasone might be dosedependent, we conducted a randomized phase III trial comparing dexamethasone (6 mg/m 2 /day) to prednisolone (60 mg/m 2 /day) in induction therapy. All newly diagnosed children and adolescents with acute lymphoblastic leukemia in the 58951 EORTC trial were randomized on prephase day 1 or day 8. The main endpoint was eventfree survival; secondary endpoints were overall survival and toxicity. A total of 1947 patients with acute lymphoblastic leukemia were randomized. At a median follow-up of 6.9 years, the 8-year event-free survival rate was 81.5% in the dexamethasone arm and 81.2% in the prednisolone arm; the 8-year overall survival rates were 87.2% and 89.0% respectively. The 8-year incidences of isolated or combined central nervous system relapse were 2.9% and 4.5% in the dexamethasone and prednisolone arms, respectively. The incidence of grade 3-4 toxicities during induction and the frequency of osteonecrosis were similar in the two arms. In conclusion, dexamethasone and prednisolone, used respectively at the doses of 6 and 60 mg/m Informed consent from the parents or legal guardians was provided before entry into the study, which was conducted according to the Declaration of Helsinki. The protocol was approved by the EORTC Protocol Review Committee and by the local institutional ethical committees.
Definitions
CNS disease was graded according to the classification proposed by Pui. 15, 16 Complete remission, remission failure and relapse were defined previously 11 (Online Supplementary Appendix). Toxicity was graded according to World Health Organization (WHO) criteria.
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Treatment
The protocol was a Berlin-Frankfurt-Munster (BFM)-like protocol, without cranial or local irradiation. The general scheme of the protocol is shown in Figure 1 . Concerning the randomization dexamethasone versus prednisolone, the patients could be randomly assigned either before the beginning of the prephase (day 1), or at the beginning of protocol IA (day 8), at the investigator's discretion. In the latter case, prednisolone was used throughout the prephase.
All 11 If they had an HLA identical donor, all very high-risk patients were eligible for hematopoietic stem cell transplantation except those whose only very high-risk criterion was a poor corticosteroid response on day 8, without T-cell immunophenotype or early precursor B-ALL or white blood cell count ≥100x10 9 /L. Otherwise, the patients continued chemotherapy for a total treatment duration of 2 years.
Statistical analysis
The primary endpoint was the event-free survival from the date of first complete remission, achieved after induction IA or consolidation IB, for all patients who started induction therapy (whether this was according to protocol or not and whether the patient was eligible or not) until relapse or death in first complete remission. Patients who did not enter complete remission after these treatment steps or who died during induction therapy were considered as having had events at time 0.
The secondary endpoints were the overall duration of survival from date of randomization until death, whatever the cause; and the response to the prephase treatment (blasts <1x10 
Results
Patients' characteristics
Between December 1998 and August 2008, 1947 patients with newly diagnosed ALL were enrolled in the EORTC 58951 trial and randomized to receive either dexamethasone (972 patients) or prednisolone (975 patients) during induction. Nine were considered ineligible (Table 1 ). However, these nine patients were included in the overall survival analyses in order to comply with the intent-to-treat principle, 19, 20 while six were excluded from the event-free survival analysis, as induction was not started. The distribution of the patients and disease characteristics was well balanced in the two treatment groups ( Table 2 ). A total of 603 patients were randomized before day 1 of prephase and 1344 at the end of the prephase.
Overall treatment outcome
For the whole cohort, the 5-year and 8-year event-free survival rates were 82.6% (SE: 0.9%) and 81.3% (SE: 0.9%), respectively. The 5-and 8-year overall survival rates were 89.7% (SE: 0.7%) and 88.1% (SE: 0.8%), respectively. The event-free survival was similar in the two treatment groups (HR: 0.96; 95%CI 0.78-1.19, P=0.73) (Figure 2A ) as was the overall survival (HR: 1.12; 95%CI 0.85-1.46, P=0.42) ( Figure 2B ).
At the end of induction (phase IA), the rate of complete remission was similar in the two treatment groups (Table  3) . Induction failures were due to refractory leukemia in 28 patients, to fatal infections in ten patients (6 patients received dexamethasone and 4 patients received prednisolone), to hemorrhage in two patients (both received dexamethasone) and other causes in two patients (both received dexamethasone). Minimal residual disease was evaluated at the end of induction (day 35) in 1617 patients (83%), of whom 85 (5.2%) had detectable disease above 10 -2 (Table 3) : 50 out of 808 patients in the dexamethasone arm and 35 out of 809 patients in the prednisolone arm. Twenty patients in each group acquired a very high risk status only on day 35 on the basis of this minimal residual disease result.
The 180 patients who had an isolated bone marrow relapse were well balanced in the two treatment groups (Table 3) . CNS relapses (isolated or combined) were less frequent with dexamethasone (26 versus 42 for prednisolone). Thus, the 8-year cumulative incidence of isolated or combined CNS relapse was lower in the dexamethasone arm than in the prednisolone arm: 2.9% (SE: 0.6%) versus 4.5% (SE: 0.7%), respectively (P=0.048, Online Supplementary Figure S1) . The difference remained statistically significant after adjustment for EORTC and NCI risk groups and sex. The 8-year cumulative incidence of non-CNS relapses was similar in the two groups (11.9% versus 12.5%; P=0.70). Thirty-five patients died in first complete remission: 19 in the dexamethasone arm versus 16 in the prednisolone arm (Table 3) .
Treatment outcome according to immunophenotype and risk group
The 8-year event-free survival rate of patients with precursor B-cell ALL was 83.4% in the dexamethasone arm versus 82.0% in prednisolone arm whereas for T-cell ALL it was 71.3% versus 76.7%, respectively. The 8-year overall survival rate of patients with precursor B-cell ALL was 89.6% in the dexamethasone arm versus 90.2% in the prednisolone arm, whereas for patients with T-cell ALL it was 74.2% versus 82.1%, respectively (Online Supplementary  Figures S2 and S3) .
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For precursor B-cell ALL, NCI risk did not have a significant impact on treatment difference with regards to either event-free survival (Figure 3) or overall survival. In the NCI standard-risk group, the 8-year event-free survival rate was 85.8% in both groups; the 8-year overall survival rate was 91.3% in the dexamethasone arm and 94.2% in the prednisolone arm. In the NCI high-risk group, the 8-year event-free survival rate was 79.5% versus 74.4% (HR: 0.74) in the dexamethasone and prednisolone arms, respectively, while the 8-year overall survival rate was 85.9% versus 82.1% (HR: 0.72), respectively (Online Supplementary Figure S5 ).
Response to prephase treatment in randomized patients
A subgroup of patients (n=603) was randomly assigned to dexamethasone (n=299) or prednisolone (n=304) before the start of the prephase. The rate of "good responders" was 90.6% in the dexamethasone arm versus 91.5% in the prednisolone arm (Table 3) .
Treatment outcome according to other factors
Forest plot analysis (Figure 3 ) did not reveal heterogeneity of treatment effect regarding event-free survival according to stratification and other baselines characteristics factors, except for CNS status (P=0.07) and prephase response (P=0.08). We found better results with dexamethasone than prednisolone in CNS-2 and CNS-3 groups (HR: 0.37 and 0.7 respectively), but not in the CNS-1 subgroup. In patients with a "good response" to prephase, treatment results were similar, but in "poor responders" to prephase, there was a trend to worse results with dexamethasone than with prednisolone, both in B-cell ALL patients (8-year event-free survival: 60.8% versus 72.5%; HR: 1.41) and in T-cell ALL patients (8-year event-free survival: 55.6% versus 67.6%; HR: 1.47).
The treatment difference regarding disease-free survival was small, and remained practically unchanged, whether patients were randomized to receive a short course of asparaginase (HR: 0.90) or a long course (HR: 0.93).
Steroid toxicity
The incidences of grade 3-4 toxicities reported during induction were similar in the two randomized steroid groups (Table 4) . Infections were responsible for six of the ten deaths in the dexamethasone group and for four toxic deaths in the prednisolone group. Furthermore, during consolidation, in the long-course asparaginase arm, the incidence of grade 3-4 infections was higher among patients who received dexamethasone during induction therapy (26.7%) than among those who received prednisolone (22.4%).
The number of cases of aseptic osteonecrosis was similar in the two arms: dexamethasone, 24 patients (2.5%) and prednisolone, 25 patients (2.6%).
Discussion
With an 8-year event-free survival rate of 81.3% and an 8-year overall survival rate of 88%, the EORTC 58951 trial demonstrated an improvement of approximately 10% compared to rates in the previous EORTC 58881 study. Corticosteroids are a major component of the induction therapy for ALL in childhood. 21, 22 Dexamethasone, an alternative to prednisolone, is known to penetrate the CNS better than prednisolone. 4 It was previously reported that the rate of isolated or combined CNS relapse in children was lower in those randomly assigned to dexamethasone (versus prednisolone), whatever the dose of dexamethasone used. [5] [6] [7] [8] [9] [23] [24] [25] This is in line with our findings of a decreased cumulative incidence of CNS relapse with dexamethasone.
Dexamethasone is also known to have a greater in vitro cytotoxic effect on lymphoblasts than prednisolone. 2, 3 In their studies, Bostrom 7 and Mitchell 8 , who used a dose ratio of 6:40, reported a 6-year event-free survival rate of 85% with dexamethasone versus 77% with prednisolone 7 and a 5-year event-free survival rate of 84.2% versus 75.6%, 8 respectively. In the BFM trial, with a 10:60 ratio, the 6-year event-free survival rate was 84.1% in the dexamethasone arm and 79.1% in the prednisolone arm and the incidence of any type of relapse was decreased in the dexamethasone arm. 5 However, all these groups also reported more toxicities and more toxic deaths with dexamethasone. The EORTC 58951 is the only protocol with a dexamethasone:prednisolone ratio of 6:60. 26 With this ratio, we obtained similar treatment outcomes. Dexamethasone did not increase the incidence of complications or toxic deaths. This equivalence could be explained by various factors. In the dexamethasone group, we observed a trend towards more bone marrow relapses and more patients with minimal residual disease (≥10 -2 ) at the end of induction. In the dexamethasone arm, we also observed a non-significant trend towards a higher "poor DEXA vs. PRED in induction therapy of childhood ALL haematologica | 2014; 99 (7) 1225 Figure 3 . Forest plots for event-free survival according to randomization arm. *NCI risk groups are described in Table 2 . DEXA: dexamethasone; PRED: prednisolone; WBC: white blood cells; VLR: very low risk; AR: average risk; VHR: very high risk.
response" rate to the prephase. These parameters are not significant by themselves but might cooperate in favor of prednisolone, except for the prevention of CNS relapse.
In NCI standard-risk B-ALL, we obtained better results with prednisolone than those reported by Bostrom et al. 7 , whereas their results with dexamethasone were comparable with ours. This is most likely attributable to the lower dosage of prednisolone (40 mg/m 2 ) applied in their study. In our trial, the 6:60 ratio resulted in similar outcomes in the whole population, although we found worse results for the poor prephase responders (B and T-ALL) treated with dexamethasone versus prednisolone, maybe because corticosteroids are not the major drug in the treatment of these "poor responders". Similarly, the reduction of relapse was most pronounced in T-ALL patients with good prednisone response after the prephase in the BFM study. 25 For patients with a prednisone "poor response", who will undergo heavy treatment, prednisolone is probably more appropriate since it avoids excessive toxicity.
Toxic effects, including toxic deaths, have also been reported. 8, 10, 26, 27 In our study, we did not observe more toxicity in the dexamethasone group. Thirty-five patients died in complete remission and half of these children had been randomly assigned to dexamethasone. No differences were found in duration of hospitalization or supportive care interventions. There was no influence of the administration of dexamethasone on patients' behavior, nor in the occurrence of grade 3-4 infections. So, in contrast to the results reported by Hurwitz et al., 27 the substitution of dexamethasone for prednisolone in our study did not compromise remission induction and did not result in a higher incidence of septic episodes or death from toxicity. An increased rate of toxic deaths was reported with a dexamethasone dosage of 10 mg/m 2 . 25 Consequently, the dosage of dexamethasone during induction therapy may play a role in the occurrence of toxicity.
In our study, we observed more toxic complications in patients in complete remission treated in the arm given a long course of asparaginase who received dexamethasone in induction therapy. These data suggest that cumulative toxicity of the dexamethasone/asparaginase association is probably responsible for a longer and deeper neutropenia, even with a dosage of dexamethasone of 6 mg/m 2 . This is in accordance with the asparaginase-associated myelosuppression recently reported by the Dana Farber group. 28 Corticosteroids are also known for their skeletal complications such as aseptic osteonecrosis. 29 In our current analysis, we found more osteonecrosis in patients older than 10 years, with a similar incidence rate in the dexamethasone and prednisolone arms, using dexamethasone 6 mg/m 2 /day during induction (IA) and re-induction (IIA). We even noted a trend towards a higher incidence of aseptic osteonecrosis in females older than 10 years in the prednisolone group.
In conclusion, for the whole childhood ALL population, we observed similar event-free and overall survival results with dexamethasone and prednisolone, with no benefit, at the dosages tested, from replacing prednisolone by dexamethasone, except for the CNS relapse incidence. Furthermore, at the dosage used in this trial, prednisolone seemed to have greater efficiency than dexamethasone on bone marrow blasts.
For the ongoing treatment of ALL in childhood, we recommend the use of dexamethasone during induction therapy for patients with involvement of the CNS (CNS2 and CNS3 status). For T-ALL patients not at very high risk, in order to decrease the relapse risk we propose dexamethasone at a dosage of 10 mg/m 2 /day (i.e. a 1:6 ratio) based on recent BFM data, 25 but special attention should be paid to potential toxicities currently observed with the use of a higher dosage of dexamethasone. 25, 26 For the other groups, including very high-risk patients who already receive intensive chemotherapy, we recommend prednisolone at a dose of 60 mg/m 2 . 
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